ing" reactions. Maillard polymers occur when sugar residues condense with amino acids, then polymerize, forming a brown substance containing about 11% nitrogen (N). These heatdamaged foodstuffs are characterized by a light-yellow to dark-brown discoloration.
Maillard polymers may be found in ensiled forages that have been exposed to air and heated due to aerobic fermentation. Hay baled with excessive moisture often ferments and heats by a similar mechanism. If stored alfalfa hay heats higher than 100"F, the Maillard reaction -which is influenced by moisture content and timecan occur to a measurable extent. The extent of heat damage caused by the formation of Maillard polymers can be quantified by measuring the nitrogen content in the acid detergent fiber residue. Maillard polymers in heatdamaged forages are largely indigestible by ruminants, with the digestible portion generally excreted intact in the urine. If proteins in alfalfa hay are damaged by heat, the hay's nutritive value decreases. The objective of this study was to quantify the effects of heat on spring-baled alfalfa hay.
Four hay-storage treatments
We baled alfalfa hay at three locations in the irrigated Sonoran Desert in May 1993: (1) the UC Desert Research and Extension Center, 7 miles east of El Centro (just north of the Mexican border), (2) the Colorado River Indian Reservation, 30 miles south of Parker, Ariz., and 150 miles northeast of El Centro, and (3) the Autonomous University of Baja California agriculture school, southeast of Mexicali, Mexico, and 75 miles southeast of El Centro. The third cuttings of second-year stands of 'CUFlO1' alfalfa were baled. The alfalfa was swathed at about the 10% bloom stage of growth. Our objective was to bale the alfalfa hay at 15% to 17% windrow moisture.
Hay bales were randomly allocated for 20-week storage periods under four treatments at each location: (1) an air-conditioned room maintained at 80°F constant temperature (COOL), (2) unprotected roadside storage in full sunlight (SUN), (3) roadside storage protected from sun and precipitation by a 6-mil, gray plastic tarp (TARP), and (4) outside under a roof, in a building open on two sides to protect the bales from sunlight and precipitation (SHADE). Bales were stacked four high with 40 to 60 bales per treatment at each location.
We recorded temperature, precipitation, relative humidity and solar radiation daily, and calculated weekly minimum, maximum and mean temperatures, and relative humidity values. Each week, four random hay samples from each treatment and each location were combined for quality analyses. On each hay sampling date at about 3 P.M., we recorded the corresponding bale temperature and moisture using an 18-inch commercial spear probe. Each alfalfa hay sample was analyzed for dry matter (DM), crude protein (CP), ash, neutral detergent fiber (NDF), acid detergent fiber residue (ADF), acid detergent lignin (ADL) and acid detergent insoluble nitrogen (ADIN). determine the differences between treatments for the chemical components of the hay. ADIN, ADIN/N, NDF, ADF, ADL, bale DM and bale temperature were the dependent variables in the statistical model. The experimental units were weekly composite hay samples from each treatment and location. Location, treatment, location x treatment, week, location x week, treatment x week and location x treatment x week were the independent variables in the statistical model. Location was treated as a random variable.
Analyses of variance were used to

Bale temperatures and dry matter
From May through October, longterm mean, monthly, maximum temperatures in the Sonoran Desert are 96.5", 106", 109", 107", 103" and 94"F, respectively. The SUN and TARP bales heated to more than 120°F for about 6 weeks ( fig. 1 ) and reached more than 110°F for 12 weeks. The SHADE bales were consistently cooler than the bales exposed to sunlight. The SHADE bales heated to 105°F for 3 weeks and to 100°F for 9 weeks. The COOL bales, in an air-conditioned room throughout the trial, maintained a constant 82°F temperature.
Initial moisture of all experimental bales was 16% to 18.5%. Over the 20-week trial period the COOL bales dried only 2 to 3 percentage units ( fig.  2) . After 10 weeks, the SHADE bales had dried to 90% DM and to 92% DM at 20 weeks. After 6 weeks the SUN bales had dried to 90% DM and to 95% DM at 20 weeks. The plastic tarp maintained more moisture in the alfalfa bales during the hot, dry desert summer, drying to only 90% DM after 20 weeks of storage. The surface of the SUN bales was bleached whereas the surface of the SUN and TAW bales lost leaves. At 95% DM the alfalfa hay of the SUN bales was brittle.
When dry, brittle hay is chopped or ground in cattle diets, it becomes dusty and unwanted "fines" are cre-ated. Growers should be aware that during the summer, hay stored unprotected in the Sonoran Desert can become excessively dry, reducing yield. Dry, brittle hay is also unsuitable for compression into metal containers for export.
Insoluble nitrogen
tion of nitrogen in ADF as a portion of total nitrogen. The ADIN/N fraction represents the portion of crude protein (CP) that is heat-damaged and therefore indigestible by ruminants. For alfalfa, more than 14% ADIN/N indicates heat-damaged hay. The initial ADIN/ N values for the experimental bales were 8%. Bale storage treatments affected ( P < .01) ADIN/N levels in our trial hays. By the end of the 20-week trial period, ADIN/N for the COOL bales had increased to 10.9%, SHADE bales to 14.1%, SUN bales to 23.3% and TAW bales to 24.1% ( fig. 3) .
In this study, mean weekly maximum temperatures were consistently greater than 100°F from the end of May until the end of the trial in midOctober. In general, alfalfa hay stocked on roadsides in the Sonoran Desert during the summer, whether tarped or not, decreased in protein quality. Since ADIN/N and overall alfalfa hay digestibility are negatively correlated in ruminants, the detrimental effects of heat-damage are further accentuated. For alfalfa hay stacked during the summer in the Sonoran Desert, the SHADE treatment has promise to keep the rate of increase of ADIN/N at an acceptable level.
Since visual appraisal cannot quantify decreased hay quality caused by lengthy storage periods, the results of this study suggest that hay should be analyzed prior to feeding rather than after removal from the field. The inclusion of ADIN in routine chemical hay analyses, as well as DM, CP, NDF and ADF for hay that apparently has been stored for extended summer periods, would be justified.
Fiber levels
In ruminants, the NDF content of a forage is negatively correlated to voluntary intake, while the ADF content is negatively correlated to its digestThe term ADIN/N refers to the fracibility. The energy value of alfalfa hay is often estimated from the ADF level. The higher the voluntary intake by a ruminant, the more that the animal will produce, either as body-weight gain or milk output.
Bale storage treatments affected NDF and ADF levels of our trial hays ( P < .01). Over the trial period, COOL NDF increased from 50.3% to 51.5%, SHADE from 50.2% to 52.270, SUN from 50.2% to 54.6% and TAW from 50.3% to 55.1% (fig. 4) 
Exposure hurts hay quality
Storing alfalfa hay outdoors in the Sonoran Desert for extended summer periods increased the levels of neutral detergent fiber (NDF), acid detergent fiber residue (ADF) and acid detergent insoluble nitrogen percentage of total nitrogen (ADIN/N), resulting in negative effects on nutritional quality. Alfalfa hay stored on roadsides, whether tarped or not, and heated for extended periods of time, had the greatest reductions in nutritive quality. Storing hay under tarps slowed the drying of hay and maintained higher moisture levels. Of the three outdoor storage methods evaluated in this study, the roof-covered hay, where no sunlight touched the hay, was the method that best preserved alfalfa-hay quality. 
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